Objective: The majority of childhood cancer survivors develop at least one late effect subsequent to treatment (eg, cardiovascular disease and obesity). Consistent engagement in recommended health behaviors may mitigate some of these conditions. Researchers have identified early survivorship as a teachable moment, yet few studies have examined positive health behaviors during this period.
one late effect from treatment, such as pulmonary conditions, obesity, and cardiovascular disease. 1, 2 Thus, minimizing these late effects is a crucial step toward optimizing the long-term quality of life of childhood cancer survivors.
Positive health behaviors, such as exercising often, eating a wellbalanced diet, and getting ample sleep, may reduce risk for certain metabolic and cardiovascular conditions among both the healthy population and survivors. [3] [4] [5] Given the importance of preventing cancer recurrence and late effects, engagement in these health behaviors may be particularly important for survivors. Yet, cancer and its treatment can compromise positive health behaviors. Side effects, such as nausea, vomiting, changes in taste, limited mobility, and fatigue may undermine diet, physical activity, and sleep. Later, as children enter survivorship, poor habits may linger-particularly if children exhibit late effects that limit physical functioning. 6, 7 However, little research has documented how positive health behaviors change between the end of treatment and early survivorship.
Childhood cancer survivors across age groups typically have comparable or lower dietary and physical activity patterns relative to the healthy population and fall short of national lifestyle guidelines. [7] [8] [9] [10] [11] [12] [13] [14] [15] A review of 26 studies concluded that survivors demonstrate low levels of physical activity and fruit and vegetable intake, and most do not meet health behavior recommendations. 16 Limited research has evaluated dairy and fast food intake, but adherence to dairy guidelines also appears poor. 12, 15, 17 Children undergoing treatment for cancer may report poor sleep quality (eg, disrupted, restricted sleep), and a subset experience sleep disorders. [18] [19] [20] Such issues may persist well into survivorship. 18, 19, 21, 22 Thus, many long-term survivors of childhood cancer display inadequate patterns of diet, exercise, and sleep-despite the importance of positive health behaviors in the prevention of late effects and recurrence.
Early survivorship is a critical period for establishing positive health behaviors. However, most health behavior research has relied on data from adults who survived childhood cancer-focusing on health-compromising behaviors five or more years after diagnosis. 23 Such studies with young survivors may be subject to bias due to an overreliance on parent report or single informants. 16 Demographic characteristics (ie, survivor gender, survivor race, family income, diagnostic type, treatment type, and treatment status)
were not significantly different for participants and those who chose not to participate at each time point. However, participants whose initial study diagnosis was a relapsed diagnosis were less likely to participate at either time point (P = 0.001).
| Measures
Mothers reported family demographic characteristics (eg, marital status, education, and income), and diagnosis and treatment information was collected via medical chart abstractions. Health behaviors were measured (per mother and self-report) via a health behavior questionnaire designed for this population and adapted from the Youth Risk
Behavior Surveillance System questionnaire (YRBS). 31 Questions evaluated the frequency of each health behavior over the previous week.
Items similar to the YRBS formatting and scales evaluating dairy intake, fast food intake, and sleep duration were also created. Participants rated the number of days in the previous week survivors engaged in each health behavior on a scale of 0 to 7 days. Sleep duration was
assessed via an open-ended response indicating hours slept per night.
Health behavior achievement criteria are displayed in Table 1 . Criteria were derived from the recommendations of a variety of institutions and guided by previous research.
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| Data analysis plan
Changes in health behaviors over time were analyzed using mixed models with the PROC MIXED procedure in SAS for mother and self-reports separately. 32 First, change in each health behavior outcome was analyzed with a statistical model that included time as a repeated measures factor. Second, models examined demographic and medical factors (age, income level, diagnosis type, CNS-directed treatment) as predictors of change in health behavior outcomes from 3-to 5-year follow-up. As this procedure accounts for missing data, all available data were used in the mixed model analyses (see Table 2 for sample sizes). With n = 79 as the smallest possible sample size,
we had approximately 80% power-sufficient to detect moderate to large effects, with α = 0.05 for two-tailed tests.
3 | RESULTS
| Survivor health behavior achievement of recommendations
Using our criteria for health behavior recommendations (presented in Table 1 ), we calculated the percentage of survivors who met health behavior recommendations at both 3-and 5-year follow-up. One mother's sleep duration response was removed as it seemed unreasonable (ie, 19 h per night). At 3-year follow-up, both mother and self-reports demonstrated that few survivors (11-37%) met recommendations for low intensity exercise, fruit and vegetable intake, and dairy intake (see Table 2 ). However, most survivors (63-73%) met recommendations for high intensity exercise, fast food intake, and sleep for their age group.
At 5-year follow-up, achievement of health behavior recommendations largely remained stable. Few survivors (17-36%) met recommendations for low intensity physical activity, fruit and vegetable intake, and dairy intake (see Table 2 ). Again, most survivors (52-73%)
reported recommended levels of high intensity physical activity, fast food intake, and sleep for their age group.
Concordance between mother and self-report of survivor health behavior was strong. Responses were significantly and positively correlated at both time points (r = 0.23-0.62, P < 0.05), and two-tailed, paired t tests found no significant differences between mother and self-report (P = 0.25-0.97). At 3-year follow-up, children on and off treatment reported similar health behaviors with two exceptions. At 3 years post diagnosis, participants on treatment consumed less fast Low intensity exercise "During the past 7 days, how many days did you/your child participate in a physical activity for at least 30 minutes that did not make you/your child sweat and breathe hard (e.g. fast walking, slow bicycling, skating, pushing a lawn mower, or mopping floors)?"
The American Cancer Society recommends that survivors engage in 60 min of low intensity exercise at least 5 d per wk. 26 High intensity exercise "During the past 7 days, how many days did you/your child exercise or participate in a physical activity for at least 30 minutes that made you/your child sweat and breathe hard (e.g. basketball, soccer, running, swimming laps, fast bicycling, fast dancing, or similar aerobic activities)?"
The American Cancer Society recommends that survivors engage in 30 min of high intensity exercise at least 3 d per wk. 26 Fruit/vegetable intake "During the past 7 days, how many days did you/your child eat at least five fruits or vegetables per day?"
The Children's Oncology Group recommends that survivors consume at least 5 servings of fruits and/or vegetables each day. 27 Dairy intake "During the past 7 days, how many days did you/your child have at least three servings of milk or dairy products per day?"
The US Department of Agriculture recommends that youth consume at least 3 servings of milk or dairy products each day. 28 Fast food intake "During the past 7 days, how many days did you/your child eat fast food or take-out?"
Prior research recommend that youth consume fast food or take-out less than 3 d per wk 25 Sleep duration "During the past 7 days, on average, how many hours per night did you/your child sleep?"
The Center for Disease Control recommends 9-12 h of sleep per night for school-aged children, 8-10 h per night for adolescents, and 7 or more hours per night for young adults. 29 Use of cancer-specific guidelines were used, when available. If unavailable, United States resources and prior research were consulted.
food (P = 0.046) and reported more sleep (P = 0.024). Correlations revealed that time since completion of treatment was unrelated to health behaviors. Tested predictors of health behavior change included child age, mother-reported family income level, diagnosis type, and treatment type. Most predictors were nonsignificant (see Table 3 Table 4 ), this finding should be viewed cautiously.
Although fast food intake remained stable, family income predicted differential change in fast food intake, per both mother (b = -0.25, P = 0.04) and self-report (b = -0.31, P = 0.04). Survivors at the lowest income level (less than $25 000 annually) increased fast food intake slightly. In contrast, survivors at the highest income level (more than $100 000 annually) decreased fast food intake in the previous week by about 1 day.
| DISCUSSION
As children diagnosed with cancer enter survivorship, clinicians or family members may expect to see improvements in health behaviors.
However, engagement in positive health behaviors is perhaps complicated due to late effects (eg, fatigue and musculoskeletal problems) and developmental changes as survivors age and evidence normative declines in health behaviors. 6, 21, 33 This study examined the trajectories of several key health behaviors during the transition off treatment to long-term survivorship, an often understudied yet critical period in the cancer continuum. Survivors in this study achieved recommendations for high intensity exercise, fast food intake, and sleep, but low intensity exercise, fruit and vegetable intake, and dairy intake fell short of established guidelines. Furthermore, given that health behaviors remained stable and did not vary as a function of time posttreatment, the lack of improvement from 3 to 5 years post diagnosis is concerning.
Achievement of recommended levels of physical activity was moderate for high intensity exercise and poor for low intensity exercise. Reviews report that approximately 50% of survivors or less achieve recommendations for physical activity and/or exercise. 7, 9, 16 Although few studies have specifically reported low-and highintensity physical activity levels in survivors of this age group, our finding of more survivors meeting recommendations for high inten- Study. 35 It is likely that adherence to physical activity guidelines remains moderate in early survivorship and then declines as survivors age into adulthood. However, the factors examined in our study did not predict a change in physical activity in early survivorship, despite correlational findings in prior research. 9 This may be due to timing.
Particularly for children who remained in the same developmental age group, this 2-year window may be too brief for significant changes to emerge.
Dietary findings were generally consistent with prior research with this population, as few survivors were adherent to recommendations of five servings of produce and three servings of dairy daily.
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While dietary patterns often worsen as healthy children enter adolescence and young adulthood, those of our sample remained stable over a 2-year period. 36 Generally, sociodemographic and medical factors failed to predict changes in adherence to dietary guidelines in our sample. However, survivors from higher-income families decreased their fast food consumption over time, while survivors from lower-income families slightly increased fast food intake. Post hoc analyses found that this difference may be explained by higher income families consuming more fast food than lower income families at 3 years post diagnosis. Taken together, our results may reflect a catch-up period for survivors as fast food consumption increases for lower income families and becomes more similar to national trends. 25 Overall, these findings add to a growing body of literature from adult survivors, indicating that many younger childhood cancer survivors do not meet dietary recommendations. This is concerning, as the intake of nutrient-dense, healthpromoting fruits and vegetables, and dairy products could mitigate risk for late effects, such as secondary malignancies, osteopenia, and cardiometabolic disorders.
Most survivors achieved the recommended amount of sleep per night for their age group, replicating a study with pediatric brain tumor survivors. 37 It is noteworthy that survivors' sleep significantly decreased over time according to their mothers, which mirrors findings of continued poor sleep quality as survivors mature. 20, 21 We found a greater decrease in sleep duration among brain tumor survivors relative to other diagnoses, according to self-report. This observation may be explained by circadian changes specific to brain malignancies but should be viewed cautiously given our small sample of brain tumor survivors. 18, 19 Together, these observations are troubling, as restricted sleep duration is associated with obesity and obesogenic changes in hormones and physical activity. 
| Study limitations
There are several other study limitations to consider. Participant attrition between enrollment and follow-up studies reduced sample size and power. Moreover, the sample is mostly white, with proportionally fewer brain tumor survivors. While multiple informants provided similar health behavior data, they were collected via subjective report on single items. We recruited fathers of survivors, but the small sample prohibited inclusion in this paper. Larger and more diverse samples of survivors should be followed-perhaps over a longer period of time.
Future studies should include objective data (eg, food diaries and actigraphy) when possible. The use of both objective and multiinformant subjective measures of health behavior would provide more information and may have greater sensitivity to detect changes over time.
Despite limitations, this is the first longitudinal study examining the positive health behaviors of a broad age range of childhood cancer survivors across early survivorship. Use of multiple informants and evaluation of fast food and dairy intake in this population adds to the existing literature. As this study expands our understanding of when health behaviors among childhood cancer survivors are suboptimal, research should continue to address why this is the case. Such work will inform interventions tailored to this high-risk population.
Our findings evidence that young survivors do not appear to improve health behaviors post diagnosis without intervention. Existing interventions for young survivors typically target physical activity, with most findings demonstrating moderate, short-term success. 10, 16, 39 The current study demonstrates that efforts aimed at improving dietary quality are also necessary. Interventions should especially target periods of transition within the developmental or cancer continuums, taking advantage of "teachable moments" during treatment or early survivorship to prevent the persistence of unhealthy habits into adulthood. 
| Clinical implications

